Original Article 


Journal of Feline Medicine and Surgery 
2015, Vol. 17(2) 152-162 

© ISFM and AAFP 2014 

Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav 
DOI: 10.1177/1098612X 14538873 
jfms.com 


@SAGE 


Utility of feline coronavirus antibody 
tests 


Diane D Addie’, Sophie le Poder?, Paul Burr’, Nicola Decaro’, 
Elizabeth Graham’, Regina Hofmann-Lehmann*, Oswald Jarrett’, 
Michael McDonald! and Marina L Meli® 


Abstract 

Eight different tests for antibodies to feline coronavirus (FCoV) were evaluated for attributes that are important in 
situations in veterinary practice. We compared four indirect immunofluorescent antibody tests (IFAT), one enzyme- 
linked immunosorbent assay (ELISA) (FCoV Immunocomb; Biogal) and three rapid immunochromatographic (RIM) 
tests against a panel of samples designated by consensus as positive or negative. Specificity was 100% for all but 
the two IFATs based on transmissible gastroenteritis virus (TGEV), at 83.8% and 97.5%. The IFAT and ELISA tests 
were best for obtaining an antibody titre and for working in the presence of virus. The RIM tests were the best for 
obtaining a result quickly (10-15 mins); of these, the Speed F-Corona was the most sensitive, at 92.4%, followed 
by FASTest feline infectious peritonitis (FIP; 84.6%) and Anigen Rapid FCoV antibody test (64.1%). Sensitivity was 
100% for the ELISA, one FCoV IFAT and one TGEV IFAT; and 98.2% for a second TGEV IFA and 96.1% for a second 


FCoV IFAT. All tests worked with effusions, even when only blood products were stipulated in the instruction manual. 
The ELISA and Anigen RIM tests were best for small quantities of sample. The most appropriate FCoV antibody 
test to use depends on the reason for testing: in excluding a diagnosis of FIP, sensitivity, specificity, small sample 
quantity, rapidity and ability to work in the presence of virus all matter. For FCoV screening, speed and sensitivity 
are important, and for FCoV elimination antibody titre is essential. 
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Introduction 

There are several reasons for testing cats for antibod- 
ies to feline coronavirus (FCoV), and a number of dif- 
ferent tests may be used for this purpose. The choice 
of which to use depends on the reason for the exami- 
nation. In this study, we compared several FCoV anti- 
body tests for their precision (ie, specificity and 
sensitivity) and certain other important attributes. 
Based on the results, we suggest how each might be 
used most appropriately in a variety of situations in 
clinical practice. 

FCoV is a common infection of cats with a tropism 
for the epithelial cells of the gut and for monocytes/ 
macrophages.'? Most FCoV-infected cats remain asymp- 
tomatic, but up to 10% develop a perivascular pyogran- 
ulomatosis known as feline infectious peritonitis (FIP),!? 
which is almost always fatal. Infected cats, whether 
asymptomatic or manifesting clinical disease, usually 
mount an immune response, and antibodies to the virus 
are found in their blood. If a cat recovers and ceases to 
excrete virus, the antibodies decline and may disappear 
altogether.?° 


Tests for FCoV antibodies have been available for 
almost 40 years.* Today, commercially available tests 
fall into one of three categories: indirect immunofluo- 
rescent antibody tests (IFAT) using cells infected with 
FCoV*5 or the related porcine transmissible gastro- 
enteritis virus (TGEV)** as the antigen; enzyme-linked 
immunosorbent assays (ELISA)?"; or rapid immuno- 
chromatographic (RIM) tests. The ELISA and RIM for- 
mats are available for use in-house. A fourth method, 
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immunoblotting, is only available commercially in spe- 
cialised laboratories. 

Several factors should be considered when choosing a 
test. The appropriate choice in any situation depends on 
the reason for determining the FCoV antibody status of 
the cat. For example, where a fast result is required, in- 
house tests are usually preferred (eg, for eliminating FIP 
as a diagnosis in a sick cat, or for screening a breeding 
queen immediately before mating). Where sequential 
tests are required (eg, to ascertain when a cat is no longer 
infected), a test that provides an antibody titre is 
desirable. 

Unfortunately, in the minds of many clinicians, FCoV 
antibody (or, indeed, FCoV reverse transcriptase poly- 
merase chain reaction [RI-PCR]) testing is misunder- 
stood to be a test for FIP, a mistake encouraged by the 
mislabelling of some tests as ‘FIP’ tests instead of ‘FCoV’ 
tests. FCoV antibody testing is used more often in the 
elimination of FIP as a diagnosis than for any other use. 
FIP is usually classified as effusive (‘wet’) or non-effu- 
sive (‘dry’). These definitions are useful but not rigid; for 
example, a non-effusive case may become effusive as the 
disease progresses.!? In consequence, FIP is a clinical 
challenge, with a similar presentation to many other dis- 
eases. In cats suspected of suffering from dry FIP, the list 
of differential diagnoses is especially long, and a great 
many clinical pathology tests may have to be performed 
upon a sample before a diagnosis can be achieved. 
Consequently, in this case an antibody test that requires 
only a small volume of sample can be advantageous. It is 
useful to be able to utilise the effusion in wet FIP, as it is 
often available in large quantities. Another factor to be 
considered is that, as we showed previously,’*'’ the pres- 
ence of a large amount of virus in a sample can reduce, 
or even block, antibody detection. 

Taking these issues into consideration, we identified 
five desirable qualities ina FCoV antibody test: high sen- 
sitivity; high specificity; a requirement for a small quan- 
tity of sample; the ability to use effusion, as well as whole 
blood, plasma or serum; and the sensitivity of the test in 
the presence of virus. In addition, two other qualities in 
tests may be required for the purpose of screening cats: 
the speed of the result and the determination of an anti- 
body titre. 

The study then evaluated the utility in clinical situa- 
tions of some of the most commonly used FCoV anti- 
body tests. 


Materials and methods 

FCoV antibody tests 

A number of commercial veterinary laboratories and 
FCoV antibody test manufacturers were approached and 
offered the opportunity to take part in this study: some 
refused or sent insufficient test devices to give statisti- 
cally significant results. Assessment was blinded and 


was strictly confidential: manufacturers and laboratories 
were given the option not to be included in this publica- 
tion once they had seen the results. 

Four laboratories offering an IFAT participated. Two 
used feline cells infected with FCoV: Biobest Laboratories 
(Penicuik, UK) and Veterinary Diagnostic Services 
(University of Glasgow, Glasgow, UK). Two used cells 
infected with TGEV: Clinical Laboratory, Vetsuisse 
Faculty (University of Zurich, Switzerland) and UMR 
1161-Virologie-INRA-ENVA-ANSES — (Maisons-Alfort, 
France). Each of these tests provided an antibody titre. 

One ELISA was studied: FCoV Immunocomb (from 
Biogal Galed Labs).?"° This test produces grey spots that 
can be read in an ordinary photograph scanner, with 
software provided by the manufacturer.’ Results are pro- 
vided on a scale of 1-6, depending on the intensity of the 
colour of the spots, which, in a previous study, correlated 
well with FCoV IFA titres.!° The absence of a spot gave a 
result of zero, correlating with FCoV IFAT titre of <1:10, 
which was deemed to be negative. In a previous study,'° 
the spots were read by eye, but in this study they were 
read using a scanner (Epson 4000), which increased the 
precision of the tests, that is the repeatability of the 
results, as the analysis of scanned images is probably 
more reproducible and objective than a visual analysis 
that is operator dependent and may also suffer from 
variables (eg, sources of light). 

Three RIM tests were compared: Speed F-Corona 
(BVT); FASTest FIP (MegaCor Diagnostik); and Anigen 
Rapid FCoV Ab Test Kit (Bionote). The manufacturers of 
the latter two do not indicate on their instruction sheets 
that the tests were suitable for use in effusions. The RIM 
tests were given subjective assessments of the intensity 
of the signal, ranging from 0 for a complete absence of a 
band in the test zone; 1 for a distinct, but not strong, pos- 
itive result; 2 for a strong signal; 3 for an intense signal; 
and 4 for a band greater than the control band. Very 
faint, or ‘ghost’, lines were subjectively allocated values 
of <1 but >0. All three RIM tests were tested in batches, 
in parallel, under the same laboratory conditions as each 
other, according to the manufacturers’ instructions. 


FCoV RT-PCR 

FCoV quantitative RT-PCR tests were performed as pre- 
viously described at the veterinary faculties of the 
Universities of Bari, Glasgow and Ziirich, and the Ecole 
Nationale Vétérinaire d’Alfort (ENVA).!24 


Sample panel 

The samples originated from naturally infected cats, 
some of which were healthy, while others were sick with 
FIP or another condition in which FIP was suspected. 
Samples were stored at —80°C or —20°C. The panel con- 
tained 101 positive samples and 126 negative samples. 
Not all samples were tested by each test. 
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Test systems are often evaluated by comparison with 
a reference ‘gold standard’.!5 However, as Enoe et al!® 
have pointed out, a reference test is often less than per- 
fect. The gold standard in FCoV antibody tests is gener- 
ally regarded as the IFAT. However, as we found in this 
and a previous study,” IFATs from different laboratories 
do not always give the same result on any one sample. 
Therefore, to assess the sensitivity and specificity of a 
test, a panel of samples on which a consensus of results 
had been obtained was chosen in preference to a gold 
standard. Each sample was carefully characterised indi- 
vidually as FCoV antibody-positive or negative. 

The negativity and positivity of samples in the panel 
had previously been determined.'”"” Assessing the sen- 
sitivity of a FCoV antibody test requires the ability to 
determine accurately when a false-negative result has 
occurred. The sample panel included some challenging 
positive samples that gave false-negative or inappropri- 
ately weak-positive results on one or more FCoV anti- 
body tests owing to the presence of large amounts of 
coronavirus in the sample. Seventeen of these samples 
were described in detail in a previous study in which we 
showed that the presence of increasing amounts of coro- 
navirus in the sample correlated with an increased pos- 
sibility of unexpectedly low, or false-negative, results in 
FCoV antibody tests.!? Therefore, samples that gave con- 
flicting results in our antibody test comparison were 
tested further by FCoV quantitative RI-PCR. 

The panel also enabled us to obtain an accurate pic- 
ture of specificity. As described previously,” we found 
that some tests, especially IFATs using TGEV-infected 
cells, could produce false-positive results for some sam- 
ples owing to the presence of antinuclear antibodies. 

Most samples were easily characterised, with all tests 
giving either a positive or negative result. However, the 
panel also contained some complex samples in which 
different tests gave different results. The challenge was 
then to determine the true result for the sample, discov- 
ering which test results were falsely positive and which 
falsely negative. Interpretation of the result of a diagnos- 
tic test depends not only on the actual test result(s), but 
also on information external to this result; this external 
information must be combined with the data to yield the 
so-called updated, posterior estimates of the true test 
characteristics.!* An example of external information 
pertinent to this analysis would be knowledge of 
whether or not the sample contained virus (see below). 

Great lengths were taken to give each laboratory or 
test the benefit of the doubt. For example, if a laboratory 
gave a positive result on a sample that other tests found 
to be negative, another aliquot of the sample was sub- 
mitted to the laboratory; and if the second aliquot was 
negative, the first result was considered to be a false- 
positive. However, if the second result was also positive, 
it was considered that the test could possibly be more 


sensitive than the other tests. This approach was espe- 
cially important in tests of some high virus samples in 
which the FCoV Immunocomb ELISA initially appeared 
to give false-positive results,’ when, in fact, it was 
detecting antibodies that some other tests failed to detect. 

To solve the problem of classification of samples that 
gave conflicting results across a variety of tests, a 
Bayesian approach was used to calculate the probability 
that a sample really contained anti-FCoV antibodies 
when tested on one, two or more independent antibody 
tests. The probability that a sample was truly positive 
was calculated using the following equation: 


(Sensitivity of test) x (TP) 
(Sensitivity x TP) + (FP x TN) 


P (Pos) = 


where P (Pos) is the probability that a positive signal 
really indicates presence of antibodies; TP is a true posi- 
tive; FP is a false positive; and TN is a true negative 

To calculate the probability of a test giving a false- 
positive result on two or more independent antibody 
tests, the figure(s) for TP in the previous test(s) were 
used. Owing to 100% specificity in most of the FCoV 
antibody tests (ie, FP was zero) the probability that a 
positive result was correct was 100% for most tests. Thus, 
if a sample tested positive by four kinds of IFAT, one 
ELISA and two RIM tests, despite being negative on one 
RIM test, the chance that it was giving a false-positive 
result on all seven tests was zero. For the two tests with 
<100% specificity, the probability of a sample really 
being positive when it gave a positive signal on both 
tests was 98%; however, no sample was categorised 
based only on results from those two tests. 

Because different tests utilise different dilutions of 
sample, and therefore generate differing antibody titres, 
for the purposes of clarity, the samples were further cat- 
egorised relative to consensus IFAT as negative; border- 
line positive; low positive; moderate positive; high 
positive; or very high positive, as shown in Table 1, and, 
accordingly, were given a score of 0-5, as previously 
described." All samples which titrated beyond a dilu- 
tion of 1:1280 were considered very high. 


Sensitivity and specificity determination 
Sensitivity was determined using the following equation, 
where ‘true positive’ means correctly identified as positive: 


_ True positive (TP) x 100 


Sensitivity (% 
y (%) TP + False negative 


Specificity was determined using the following equa- 
tion, where true negative means correctly identified as 
negative: 
T tive (TN )x 100 
Specificty (%) = dieses ENS is 
TN + False positive 
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Table 1 How FCoV immunofluorescent antibody titre correlates with FCoV shedding 


Some samples titrated out to dilutions >1:10,240. Consequently, samples that titrated beyond 1:1280 were considered to be very high and 
allocated number ‘5’. This table shows that the higher the FCoV antibody titre, the greater the chance of the cat shedding FCoV and that, 
importantly for the purposes of using FCoV antibody tests in screening and quarantine of uninfected cats, cats with low and moderate antibody 


titres have a significant chance of shedding virus 
IFAT = immunofluorescent antibody test 
*Based on Addie and Jarrett? and Pedersen et al?! 


Results 

FCoV antibody test results 

Table 2 shows a summary of the tests that were included 
in the study. 


Sensitivity and specificity 
The sensitivity and specificity of each test is shown in 
Table 3. 


FCoV Immunocomb ELISA 
As shown in Table 3, all of 121 negative and 78 antibody 
positive samples were correctly identified. 


FCoV IFAT (Biobest) 

Biobest laboratory is able to detect when samples give non- 

specific fluorescence, and reports on the fact if requested in 

advance, otherwise reporting the result as negative. 
Sensitivity was 96.2%: two samples with very low 

titres gave negative results. 


FCoV IFAT (University of Glasgow) 

The University of Glasgow reports when samples are 
non-specific and has the ability to offer Western blot 
confirmation. 


TGEV IFAT (ENVA) 

This laboratory reports when samples fluoresce non- 
specifically and recorded non-specific fluorescence in 11 
samples. One false-positive was reported; one sample 
with a moderate titre was falsely negative and one sam- 
ple of low titre was reported as non-specific. 


TGEV IFAT (Vetsuisse Faculty, University of Zurich) 

Two negative samples were reported with antibody 
titres of 25, giving a specificity of 83.3%. This laboratory 
reports when samples fluoresce non-specifically. 


Speed F-Corona antibody RIM test 
The test correctly identified 46 samples as negative. For 
one sample, the control band did not show, so although 


there was a band in the test area, it could not be counted. 
(The same sample behaved the same in the FASTest FIP 
device, which is why those two test numbers total only 
99, not 100.) Faint lines in the test window were given 
scores of <1 (the instruction manual states that these 
should be counted as positive results). This test was the 
most sensitive of the RIM tests, at 92.4%, although 10 of 
the test devices gave weak signals scored <1. A break- 
down of the results for 53 positive samples is shown in 
Table 3. 


FASTest FIP antibody RIM test 

Although the manufacturer’s instructions state that only 
blood, plasma or serum samples should be used, this test 
was found also to work well on effusions. As for the Speed 
F-Corona device, for one sample the control band did not 
show, so although it showed a band in the test area, it 
could not be counted. A breakdown of the results for 52 
positive samples is shown in Table 3: sensitivity was 
84.6%, although five of the test devices gave signals <1. 


Anigen Rapid FCoV (antibody RIM test) 

A breakdown of the results for 53 positive samples is 
shown in Table 3: sensitivity was 64.1%, although eight 
of the test devices gave signals <1. In the absence of 
manufacturer’s instructions to the contrary, very faint 
results were counted as positive rather than negative. 


FCoV RT-PCR testing of the sample panel 

Financial constraints precluded testing the entire sample 
panel for FCoV by quantitative RT-PCR, but this was per- 
formed on 59 samples, of which 27 samples were positive 
(see Table 4) and 32 were negative. There were two reasons 
for RI-PCR testing. First, to try to reveal if any false-nega- 
tive results occurred across all of the antibody tests owing 
to the presence of virus, which is known to occur even in 
IFAs;!213 and, second, to determine how the presence of 
virus affected test sensitivity, especially in samples giving 
false-negative results on some tests. Of 47 antibody- 
positive samples screened by RI-PCR, 27 were positive for 
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Table 2 Volume of sample required for each test and whether effusion can be used 


Test Type of test Antigen Amount of Performing Timeto Antibody Can effusion 
sample (ul) the test result* titre? be used? 
FCoV ELISA FCoV 5 In-house 40 mins Yes Yes 
Immunocomb 
Anigen Rapid RIM Unknown 10 In-house 10 mins No Not advised 
FCoV in instruction 
booklet, but 
does work to 
some extent 
with effusion 
Biobest IFAT type Il Whole virus (FCoV 25 External >1day Yes Yes 
FCoV type Il) in CRFK laboratory 
cells 
VDS Glasgow IFAT type ll Whole virus (FCoV 25 (ask for 1 ml External >1day Yes Yes 
FCoV type Il) in feline sample but can do laboratory 
embryo A cells the test with much 
less) 
Speed RIM Recombinant 40 In-house 15 mins No Yes 
F-Corona TGEV N 
FASTest FIP RIM Recombinant 40 In-house 10 mins No Not advised 
FCoV antigens in instruction 
booklet, but 
works well with 
effusions 
Zurich IFAT TGEV Whole virus (TGEV 50 of plasma/ External >1day Yes Yes 
Purdue) in porcine serum requested; laboratory 
kidney cell line 10 used (the rest 
PD5 is in case the 
test has to be 
repeated) 
ENVA IFAT TGEV Whole virus 100 External >iday Yes Yes 
(TGEV) in porcine laboratory 
kidney cells 


The amount of sample each test requires is shown: the tests are shown in ascending order of quantity of sample required 
VDS = Veterinary Diagnostic Services; ENVA = Ecole Nationale Vétérinaire d’Alfort; ELISA = enzyme-linked immunosorbent assay; 


N = nucleocapsid antigens; RIM = rapid immunochromatographic; IFAT = 


gastroenteritis virus 
*Including shipment 


viral RNA. The results of sensitivity in the presence of 
virus for each test examined are shown in Table 4. 

It is usual for blood samples to be negative for virus, 
but, interestingly, 10/23 (43%) antibody-positive effu- 
sions from FIP cases were negative. Four of these sam- 
ples were from cats confirmed by histopathology as 
having FIP, while the other cases were diagnosed as hav- 
ing FIP by being positive on most parameters of an FIP 
diagnostic algorithm.” 


The amount of sample each test required and whether 
the test worked on effusions, as well as whole blood or 
serum or plasma, are shown in Table 2. The ELISA and 
Anigen Rapid FCoV RIM test required the least amounts 
of sample (5 pl and 10 pl, respectively). The FASTest FIP 


Downloaded from 


immunofluorescent antibody test; TGEV = transmissible 


and Anigen Rapid FCoV RIM tests were quickest, with 
results available within 10 mins, with the Speed F-Corona 
a close second with results available in 15 mins. The 
ELISA took upwards of 40 mins to perform. IFATs require 
to be mailed, so it took >1 day to obtain results. However, 
the IFATs and ELISA had the added benefit of giving an 
antibody titre. 


Discussion 

This study differed from the usual assessment of diag- 
nostic tests in that we rigorously defined each individual 
sample on our test panel as being positive or negative, 
rather than arbitrarily deciding that one FCoV antibody 
test was the gold standard and then assessing the other 
tests relative to that. The sensitivity and specificity of each 
FCoV antibody test were measured relative to the sam- 
ple panel results. The gold standard in FCoV antibody 


at Kungl Tekniska Hogskolan / Royal Institute of Technology on March 6, 2015 


157 


Addie et al 


}S9] /eNIU! au) UI eATeGeu-as]e} au) BulUNOCOsIp ‘pajuNoo useq sey sjdiwes siyj Jo Buljdwes-a1 aul, 

LOJ|,P SUEULEI9A S/eEUOHEN 8|099 = YANJ ‘Seo!es oNsoubelq 

AseUuUaIe\ = SQA ‘olydesGoyewosyoouNWUWW! pides = Wy ‘Aesse JUsquOSOUNWW! Peyul|-eWAZUS = YSITF [SMA sajueoNseb aiqissiusues = AAD] ‘1se} Apoqnue jueoseion|jJouNWW! = [7/4 
MOJ PUODES AU} Ul UBAIGB pasAjeue sajdwes Jo JaquUNU |e}0} aU) YIM ‘seBeyUso1ed se UaAIB ale sljnsey “UMOYs SI ]S9] YOeS 0} pa}oalqns sajdwes annisod-snula Jo Jaquunu ay 


so|dwes 

SL/L EL/LL SL/LL vir 6L/6L valve L/L OL/OL Jo Jequinn 

ges 978 978 0001 0001 0°00} 0001 0001 % AUAISUBS 

AoO4 pidey usbhiuy § di4Iselsy4 euod0g-4pesds quwodounWW| \OD4 YOUNZ VANA yseqoilg = mobse| ‘SqA \so] 


WId WId WId VSITa ASO L Lvl AADL Lal A004 Lal A094 Ll 


sniiA Bululrejuoo sajdwes jo AjIAISuas }s9a} ADoghue AOD p aqeL 


pourejqo sem jnsaJ aaiisod e ‘payiwiqnseas sem ajdwes aeHou ase} QUO OU} UDUM, 

SIUOIEd snoop! Bulla} = dI4 ‘HOsV,P SEULISIOA S/eUOEN 9109" = YAN ‘SedlMes oNsoubelq 

AJCULAIOA = SQA ‘o1ydesHoyewouyoounwW! pide = jy ‘Aesse JUSqJOSOUNLULU! PayUl|-BWWAZUS = VWSITF ISNA SiajUsO.seB a|qIssiwsSUe. = AFD 3s9} Apoqiue yuaoseson|JouNW! = || 
sJaquNU ayenbape SragiYyoe O} PSUIQUIOD 919M Sa|dUes SAI}ISOd SulLJaPJOg PUe MOT “| > Papedy SULUN|OD Oy} UI UDAIB SI Jule} AJOWUAIXO dJAM SjeUBIS BU} YOIYM Ul S}SO} I]Y 

AAIISOd JO JOquUNU BU} ‘IjNSeJ aNd} BY} O} SAIyEIOI SjeUBIS Jo Aj!suajU! BY} Jo Ayedsip ay} Jo Bap! Ue dAIB OL ‘s]JeyOeIG UI pasAyeUue sajdlwes Jo JAaQLUNU |e}0} aU} YM ‘seBejusoIed se USAIB sIe s}jNSeYy 


(Ly/Lv) (9/97) (9/97) LZL/LCL © (@L/0L) += (Ov/6€) (69/69)  (ES/Es) —(e}01/enne BEN) 

= 07001 = 0001 = 0001 0°00} fomoxs) G6 loxore) (oxore) Ayoyloeds 
(eS/re) (ZS /vr) (S/6r) (gz/gz)  (9E/9e) (9S9/E¢) (zg/2s)  (2g/os) (fe}01/enn!sod) 

= L'79 = 9°48 = v6 0001 0001 7 86 07001 | 96 AWANISUES 
(p/L) (e/L) (v/€) (OL/OL) (€/€) (/S) (2/2) (6/Z) ($:2-0'L) 

| 0'SZ | eee € OSL 0001 0:00! 0001 SLL 0001 8AIIsOd MO7 
(SL/s) (SL/L L) (SL/vL) (v2/v2) (Z/2) (04/6) (91/9)  (SL/SL) (S'€-0'€) 

Z Gee L Sel € ©'€6 0001 0001 0°06 0 COL 0001 eyesapoy| 
(6L/vL) (6L/8L) (6L/8L) (9z/92)  (EL/eL) (QL/9L) (vi/vL) (SL/SL) (S'y-0'r) 

€ JESU Zz L6 Z L¥6 0001 OOO! 0001 0°00 0°00 yBIH 
(SL/L) (SL/7L) (SL/L) (8i/8t) (SL/L) (S2e/s2) (SL/SL) (LL/LL) (0's) 

ra 6 L © €6 Z ©€6 O'00L O00! 0001 0°00! 0°00! ybiy Ae, 


L> Aoos pidey uebiuy 1> didIS@elSV4  1> euoloD-4peedS quwooouNnWU| AOO4 YouNZ WANA Mobsei|g SdA_ jseqoig 
Id VSI14 AJOL IWal A004 LVSl 


s}s9} Apoqijue Aod 4 Ibis jo Ayoyloeds pue Ajaqisues ¢ ajqeL 


at Kungl Tekniska Hogskolan / Royal Institute of Technology on March 6, 2015 


Downloaded from 


Journal of Feline Medicine and Surgery 17(2) 


158 


(panuyjuog) 


P8900Jd 0} MOY JO} 8 MOI 89S — BAIIISOD J] ‘POOH sue AyoIJIoOeds 
pue ALAISUBS PEPIAOJC ‘pasn aq UeO js} JO PUly AUY 

é(9 MOJ 8aS) Jey JO WIY 

JO9JU! 0] BUIOB JOAIAINS 8} SI JO yeO JaUJOUe 186 0} Byes 11 S| Z 
B91OYO JSJIJ JSOq S| 9411} ADOGHUe AOD & 

SEAIB JEU] ISO} © ‘PSJOWUOW 9q ||IM PU SAITISOdOJES 9q ||IM 1e9 
aU] yeu] aie SBOUBYO BU} SY éd|4 AdojeAep (S)JOAIAINS OU} III L 
:(S)JOAIAINS 

au} InNoge suO||senb om} sAey USO 1e9 dj Ue JO SUBINIeENH 


poys Bulag si snJiA 4! ysijqe}so 

O} S809B} 9Y} JO YOd-LY YUM dn pamoyjjo} aq ued js9} aAIIsod Vv 
jeluesse AYIANISUes 

PO0OB ‘asojasoy} ‘@Al}ISOd ueU} |NJaSN BJO SI 1INSOJ SATeHaN 
UO!INED YUM S}|NSel JasCJOU! OS ‘d4}1} 

Apoqijue AOD ey} esonpe Ajjeloyrue ued SploJe}s Jo sesop YBiy 
yeu} Pull Ul Je8ag ‘sysem Z1-g Aland Ue} AjjUBNbaL 9JOW 1S9} 
O} |NJOSN JON ‘@AOaje JUSLUTeSJ} J! 94j1] Bulseas9ap JO} Buldoy 
‘jeuesse aj] ADogyue AOD ‘Jeo paJanod9J e Hulyeos} dojs 0} 
uayM Hulmouy JO} POO jnq ‘sebe}s Ajee ul wooyeweeY pue 
yunod eyAd0yduyA| ‘uljngo|6 ‘45 Buoyuow Ue} jnjasn sso 
abejuenpe ue Ss! ajdwes jo junowe jews & Bulsp 

“SOSOUBBIP d|4 USYeISIW PIOAS 0} JUBLOCLUI AJA SI AlOIIOeds 
‘yINSOW BAIISOd 

B ue} |NJaSN a10W Ss! }Ss9} aAeHou VY ‘auj) Apogiue Yyoiy 

AJOA e BABY SEsSed d|- Alp ysowW YBnouye ‘sua}yew AIAIISUBS 
SNJIA 

Jo sjunoue a6se] JO BOuaSaJC Ul SYJOM }S9} BU} Jeu} |eUESSy 
“UOISNJJO UO SYJOM YIM }S9} OAeY O} |NJas~) ‘sesouBbeIp dj4 
SNOBUOMS PIOAS O} JueLOCU! Osye Ss! AUDIIO9dS “aAIIsod e Ue} 
|NJ9SN BJOW SI Nsel sAeGHeu e asnedaq :AIIAIISUBS PCOS 


S]USLWLUOD JAYJO pue 
1s9] Apogiue \oD-j ul eey0 a|qeuiseq 


8UO SAIISOdo1es 

® JOU Jnq yeO aAeGHeuoles © 

ul Bulg 0} ayes si 4 ‘aAyeBou 
ase pjoyssnoy eu} Ul syed 9U} JI 


yeo Mou 
® 9ONPOJJU! O} aJes pue (AIANISUSS 
JOod sey jsa} ssajun) dj JO YSU ON 


suBbis seusejuloseb 

au} JO Sasned ay} aq Oo} Ajoy!|UN 
ale dj 10 AOD (sy9em € }Sse9] 
ye ‘91) WAAUODOIAS 0} OUI] PeY 
yeO JO ust}! SU} YEU] PUe YBnNoUS 
BAIIISUBS S$] ]SO} BU] PSPIAD4 


JU9WUIE81] SNU!]UODSIP 
O] S/S MOU SI JI ‘}ELUOU O} 
peuinjel sAey sJajeuesed 

Ausiuuayooig pue ABojoyewseey 

‘SUBIS [BOIUI|O PSPIAOJd 


SAl}ISUBSU! 
S| 1S9] SsejuN d|4 Ino seiny 


SNJIA JO S}JUNOWe 
abie| Aq payiqiyu! 40 eAnisuesu! 
S| 1S9] SSE|UN dI4 3NO sainy 


ynseai aaneban 


aAlyeHauosIaS AOD- S! 1! JI 
Ajyeloedsa ‘yeo sayjoue sonpo4ju! 
O} B|GeSIADe JOU SI }I ‘AAISOdoJEsS 
aye pjoyesnoy oy} Ul syed au} J| 


di Jo JuswWdojesAep yeAe 

0} Aj} 0} UOIUINU EsiluIdO pUe ‘ssaJj}s 
pue siNsodxe 8sOp SNJIA SSIWIUI/| 
‘aniteBau |IJUN SUJUOLU E—g AJOA9 1S9} 
-98Y ‘JPUNWUOO aJe SABI] eI] SISUM 
A\jeloadsa ‘pajo9dxe ns aAlISOd 
pey}euUlwl|o 
Aljnjoseo SesOUBeIp jeusJE}JIp pue 
PSUILUeXE 9q ISNW sJeJewWeIed J8UIO 
‘BAILISOGOJSS 8q OS|e |IIM SIj498]U9 
JEUIABUOJOO UCU] JBYJO SESBSSIP UUM 
syeo Aueu se yng ‘uoHoaJUl AOD 

0] peyejai eq Aew suBbis yeoluljo oul 


gjqeoldde 4! ‘asop plosajsoolwoo 
BHulonpei Ajyenpes6 ‘juswyeeL} 
anuljuod ‘syJUuOW E-Z Ul! 1S8]-9y 


UO!JO9JU! JUS!|SUB} JO & O} BuIMO AOD 
JO} BAIyISOdoJes Bq Aew syeo yoIs Aue 
se ‘dj4 aqeolpul Ajesseoeu jou seoq 


UO]Oej}u! JUsISUBI} JOU e 0} BuImMo AOD 
JO} SAIlISOdoJes Bq AewW syeo yoIs Aue 
se ‘d/4 eqeolpul Ajwesseoeu jou se0q 


JINSOJ SAIISOg 


Hulse} Apogijue AOD JO sesy g ajqeL 


yO JO US}}Iy MEU B UI 
BHulBulg aiojaq syeo 
JO pjoysesnoy usa10S 


J0]9810X9 
AOD UMOUY JO eseo 
dij uum JoejUoS 
ul syeo yO@Yyo OL 


suBbis seusejulojseb 
UlIM peleloosse 
AOD JO sisoubeig 


JuSyedd) 
did soyuow OL 


dls SAisnye 
-UOU JO sisoubeIp 
B yno ain OL 


dl4 
aAisnye Jo sisouBbelp 
B yno sind OL 


Buljs9} 10} uoseay 


at Kungl Tekniska Hogskolan / Royal Institute of Technology on March 6, 2015 


Downloaded from 


159 


Addie et al 


(panuyuog) 


ePa}O9ju! JBBuO] OU S| Jed BU} YEU} YSI|Ge}]se 0} palinbs 

$}S9} OAIJEH9U BAIINOBSUOD AAI} JING ‘|nJasn eq Ued Hulse} YOd 
-LY ‘ouy) ADognue \OD- Ysi|qe}se 0} 1s9} dn-moj|o} e peeu 

IM syed OAIIsOd jnq ‘eAisuas Ajayenbape sie Aeu} paplAoid 
‘asSOdind sly} JO} ajqelins sjse} eAiTeGou/eiyisod esnoyu-u] 


8 MOI U! S]UBLULUOD 88S 
‘aAyeBouoles Bulwodeq JO}UOW 0} 9.11] APogyue AOD peeu 
|IIM syeo 9AIISOd jnq ‘aAlisuas Ajayenbepe sue Au) papiAoid 

‘gSOdund Siu} JO} ajqelins sjse} eAiTeHau/anijisod esnou-u] 


Apoqiue AOD + JO S|ere| MO] }O9IEp 0} Al|iqe eu) s! se “JUeOdWI 
S| 1S8] OY] JO AAIISUBS zz’eHe Jo Syeem QI Jee SUdTIIY ISO] 


juewodul! osye si Ayoyioads 
‘annisuas Ajayenbepe papiAoid ‘asodund siu} JO} ajqejins s}so} 
aAlyeHoau/ennisod esnoyu-u| ‘pesinbes Usyo si! IjnseJ pidey v7 


aniyisues Ajayenbepe papiaoid ‘asodind siu} JO} ajqelins 
$]S9] SAITEHOU/SAIIISOd asnoU-u| ‘pesinbes eq Aew peeds 


(@uwWI} uo Aue ye SNJIA Bulppeys jou Ajjenjoe 

ale s]ed SAISOdOJaS JO % 99g ‘a!l) pa}Oejul Aj@ANOe Bulag Jo 
aoueyo € Ul | Ajeyewixoidde ue sey Jeo SAIISOdoses OU “SNIIA 
Hulppays si! yeo au} yey] BoUeYO ay} seyees6H ay} ‘as ADOq ue 
ay} JayBiy au} :asodund siu} JO} jelJUasse 9431] ADOGhuYy 


adlyisues Ajeyenbepe pap!Aoid 
‘aSOdund si} JO} ajqeyins sso} aAlTeHou/eniyisod esnou-u| 


S]USLWLUOD JAY]O pue 
1s0] Apoqiue \oD-j ul eeyN0 a|qeuiseq 


Huldojeaep dj JO ySl OU 
‘910J919U) ‘(YBNous SAljIsues 
S| JS8} PEPIAOIC) 99dJ-AOD 


Buldojeaep dj Jo ysl OU 
‘a10J9J9U) ‘(YBNOUS SAIIsSues 
SI S98} PAEPIAOId) 9edJ-A\0D 


Buldojeaep dj Jo ys OU 
‘a10ja19U) ‘(YBnoUe sAIIsues 

SI 1S9} PAPIAOId) aedJ-\0D 
SUd}}14 

O} UOISSILUSUBI} SNJIA JO YS ON 
‘pNs 991J-A\OD4 asn Ajqesajoud 
‘a10JaJ9U) ‘(YBNOUS SAIISUesS 
S| JS9} POPIAOId) 99lJ-AOD 4 


ugenb 99JJ-\0D- esn Ajqesajoud 
‘a10J9J19U) ‘(YBnoUS SAIISUesS 
SI 1SO} POPIAOId) aedJ-\OD 4 


SAISOCOIAS ||I}S Bue YEU} s}eO 
WO4} Jeo 9y} ayeredas ‘yBnous 
SAIISUSS SEM }S8} SU} PEpIAoid 

‘AODS Peyeullule sey Jeo Sy] 


yo SAlyeGouoles & IWPe O} 


8|GeSIAPe JOU SI jI ‘@AIIsodoJes 
ase pjoyesnoy su} ul syeo 8y} J] 


ynsei eaneban 


Adesayjowayo 

‘VV ULLOdSO}OIO 
‘splojays asop-uUBIY 
‘Be ‘Juewyeod} 
aaisseiddnsounwuw! 
O} JoUd yeo UBd1DS 
AlaGins SAnos|a 
JEUO 10 Bulyeineu 
‘Buluwoyel ‘Be 
‘aunpedodd |njsse.js 
QO} Jolud yeO UBBIOS 


SUJUOWW E-Z 
ul aly] ADogUue \OD- 1se]-ey “eveBeu 
awWooeq sey }ed 9} |IJUN JUBWeeJ} OY} 

Kejap ‘os J] ‘payoajul AjeAnoe |! euluuelep 
0} S808R} 189} YOd-LY ‘9/G!Se9} || 


SUJUOW E-Z 

Ul 1S81-8Y “eAieHeuoses BUUODSq sey 

yeo ou} |WUN Ssaujs ay} Aejap ‘a|qissod }| 
dld 

HuldojeAsp jo soueYoO | U! | eB PuNole 
sey Udy SUL “AjyJUOW }S9]-9y ‘Jeo AjUO 
BJOYM SWOYAl — S}eO paosjulUN YIM 
pjouesnoy U! PswOYsJ sq JOU Pjnoys 

OS ‘AOD YIM pe}oejul BUOD9q Sve 
SNIIA JO} S8NSE} ISO] “SUSI JO UONOSJUI 
JU9A9Jd 0} sda}s aye] ‘UOISS!LUSUe} 
SNIIA JUSASIC 0} SHUITEWW Ps||OJUOD ESN 
JO 89JJ-AOD-4 S8WODEq }ed |I]UN Bulew 
Aejap ‘as0jas9u} ‘AOD Sulppeyus oq Aeyy| 
SMA 

JO} P9}S9} 9q UBD S8DEe+ ,UOISSILUSUBL} 
SNJIA JUBABIC 0} SHulyeW P9|}O4j]UOD BHulyew 0} 

ASN ‘8J0J9JBU} ‘AOD Bulppeus eq Ae) 40d yeo pnjs usd10S 
syeo pajoayulun 

pue paoajul 
ayesedes 0] pesn 

si Buse} Apoqnue 
AOD Peyeuluul|e 
Bulsq s! AOO4 YoIUM 
Ul pjoyesnoy ke uU| 
AdjUNOD 99d} 

yeO -AOD- JO pjoyesnoy 

OAINSOCOISS © WP O} S|GeSIAPE 10U SI 1) yeo-|NwW oyu! Aqua 
‘aniyeHou ase pjoyssnoy Su} U! s}yeO 9U} J| aJojaq yeO UB9JOS 


pajoajul aw00eq 
aney Adu} JOYIOUM 
yoeyd 0} ugenb 
BAIISOdOJES AOD & 
JO Sua}}!y Buluses0S 


BHulyew 0} JoWd 
yeo ugenb usa10S 


YOd-LY 

Aq s909e} Hulse} JepIsuOD ‘(YJUOW | 
Ul JS9}-91 ‘P|O SYJUOW Q> SUA}}I} Ul) 
SUJUOLW E-Z Ul 9431] Apog|jue jse}-3Y 


JINSOJ eANISOg GHulJse} 10) Uoseey 


(panuUod) g a/qeL 


SilE 


cl 


LL 


OL 


at Kungl Tekniska Hogskolan / Royal Institute of Technology on March 6, 2015 


Downloaded from 


160 


Journal of Feline Medicine and Surgery 17(2) 


Table 5 (Continued) 


Desirable criteria in FCoV antibody test 


and other comments 


Negative result 


Positive result 


Reason for testing 


Speed is usually essential, so in-house tests are likely to be 


Safe to use a FCoV seronegative 
blood donor, provided test is 


sensitive enough 


Use of FCoV seropositive blood donor 


is not recommended 


14 Screena 


chosen. There is some evidence that passively transferred 


FCoV antibody could endanger the recipient in the event of 


becoming infected with FCoV23.24 


prospective blood 


donor cat prior to 


transfusion 
15 Screen cat prior to 


Rapid result usually desired, so in-house tests usually chosen. 
There is no point in vaccinating a seropositive cat with the FIP 


vaccine, as the cat has already been exposed to infection 


Vaccinate 


No point vaccinating: the cat is either 


incubating FIP already or has natural 


immunity3:25-27 
16 Screen prior to FeLV Vaccination not recommended; either 


FIP vaccination 


In-house tests usually chosen. There is concern among cat 


Safe to go ahead and vaccinate, 


breeders that FeLV vaccination of FCoV-infected kittens can 


provided test is sensitive enough 


screen faeces for FCoV virus shedding 
or wait 2-3 months and re-test for FCoV 


antibodies 


vaccination 


trigger FIP; therefore, a pre-vaccination screen of rescued cats 


or pedigree kittens for FCoV infection is advisable 


alpha-1-acid glycoprotein 


“Controlled matings are where the stud and queen are put together for only the time needed to mate. The cats are not left together and do not have contact with a litter tray, so are not exposed to 


each other’s faeces 


FIP = feline infectious peritonitis; FeLV = feline leukaemia virus; RT-PCR = reverse transcriptase polymerase chain reaction; AGP 


tests is generally regarded as the IFAT; however, IFATs 
can be based on FCoV or TGEV, and — as we found in this 
and a previous study — tests from different laboratories 
do not always all give the same results on any one sam- 
ple.!” One limitation of IFATs is that they rely on a subjec- 
tive reading by a human, who may mistake non-specific 
fluorescence for a positive result. 

Most of the sample panel results agreed across all 
antibody tests assessed; when tests performed on a sam- 
ple gave conflicting results, it was essential to be able to 
differentiate false-positive from false-negative results. 
The sample panel included some challenging positive 
samples that gave discordant — that is, false-negative or 
inexplicably low — results on one or more FCoV antibody 
tests, as described previously,” and this could have had 
the effect of lowering the apparent sensitivity of some 
tests. 

Many commercial laboratories were invited to take 
part in this study. Some refused, others requested that 
their results be kept confidential and still others revealed 
that they use a test or reference laboratory already under 
assessment. Thus, the tests presented herein represent 
those that produced the most accurate results, and the 
manufacturers of which agreed to be assessed by an 
independent body. Specificity was very high for all of the 
tests presented here, although some laboratories gave 
false-positive results by mistaking non-specific fluores- 
cence. Thus, one laboratory (not recorded in this study) 
reported 6/16 negative samples as falsely positive. We 
showed previously that this problem can occur owing to 
the presence of anti-nuclear antibodies in the sample, 
but can also be inexplicable.'” 

Sensitivity was an issue with some tests and, as we 
have previously shown, the presence of large amounts of 
virus in the sample can affect all types of FCoV antibody 
test, resulting in false-negative results or reduced FCoV 
antibody titre.!2 Therefore, where possible, samples neg- 
ative for FCoV antibodies were screened for viral RNA. 
Although in this instance all of the consensus negative 
samples tested were negative by RT-PCR, we have previ- 
ously encountered rare samples in which even IFAs were 
falsely negative.’ To be fair to the tests being assessed in 
this study, the panel was probably more challenging 
than is generally encountered in day-to-day veterinary 
practice and contained a disproportionate number of 
effusions, relative to plasma or serum samples. This was 
done because large quantities of sample were required to 
assess many antibody tests and it is probably not possi- 
ble to obtain very large blood samples from pet cats. 

It was curious that 43% of effusions from cats with FIP 
were negative by RT-PCR. This is a well-known phenom- 
enon, but the reason for it is unknown: it may be that the 
virus is cell-associated and confined to the cells of the 
perivascular granuloma. The pathogenic process that 
leads to the development of an effusion destroys the 


Downloaded from jfm.sagepub.com at Kung! Tekniska Hogskolan / Royal Institute of Technology on March 6, 2015 


Addie et al 


161 


connection between endothelial cells, allowing pure 
plasma to leak out: sera and plasma are often negative for 
virus, even in cats with FIP2° Other reasons include inhi- 
bition of the RI-PCR by an interfering substance in the 
effusion, or that the viral RNA was destroyed in the sam- 
ple during mailing or storage. It is useful to be able to use 
both FCoV RT-PCR and serology in the diagnosis of FIP 
either together or sequentially: a negative antibody test 
(provided it is adequately sensitive) allows FIP to be 
ruled out of the differential diagnosis list of an effusion, 
whereas a negative RT-PCR test would not rule out FIP. 
Positive serology on an effusion is not diagnostic of FIP. 
However, large amounts of virus, detected by RT-PCR, 
indicates that FIP is extremely likely. 

Table 5 presents a number of situations in which tests 
for the detection of anti-FCoV antibodies are employed, 
and, based on the comparison described above, which 
test is most appropriate for each purpose. The choice of 
FCoV antibody test depends, in part, on the test being of 
good quality, and partly on the purpose of running the 
test. Where speed is of the essence (eg, for a breeding 
queen on the way to a stud cat), an in-house test (RIM or 
ELISA) will be chosen, so it is important that these tests 
are adequately sensitive. In-house tests take between 10 
and 40 mins to perform compared with at least over- 
night for tests that require the mailing of a sample to a 
reference laboratory. 

For cats undergoing diagnostic testing, the choice of 
test may be influenced by whether or not it can be per- 
formed on an effusion. We found that although some test 
instructions do not state that an effusion can be used, the 
tests worked on both effusions and blood components. In 
a cat suspected of dry FIP, where there is no effusion, 
sample quantity may be limited and in-house tests can 
have an advantage over tests performed at a reference 
laboratory, requiring as little as 5-40 pl of sample. 
However, most laboratories that state on their sample 
submission forms that they require one full millilitre of 
blood, will often admit to being able to perform their 
FCoV antibody test on as little as 50 il of serum or plasma. 

Overall, the most sensitive in-house test was the FCoV 
Immunocomb; the best RIM was the Speed F-Corona, 
with the Megacor FASTest FIP coming a close second. In 
the presence of virus, the RIM tests seemed more prone 
than ELISA or IFAs to give false-negative results or 
extremely faint bands. Even in the absence of virus in the 
sample there were some false-negative, or very faint, 
results, which might have been due to tiny blood or fibrin 
clots in the sample clogging the membrane. 

For sequential antibody testing of cats (eg, where 
FCoV is being eliminated from a household), an FCoV 
antibody titre is important, so the sensitivity of tests was 
examined using samples of medium and low antibody 
titre. It was in the samples of medium and low titre, 


rather than those of high titre, that the greatest differ- 
ences in test sensitivity were revealed, especially between 
the RIM tests. 

The FCoV Immunocomb had improved in both sensi- 
tivity and specificity since it was previously assessed,!° 
probably owing to the mechanisation of reading the 
ELISA spots, which eliminates the element of subjectivity 
in interpreting the result spots and so reduces the chances 
of human error. It was the best test overall, requiring 
small sample size, being able to be performed in-house, 
and having excellent sensitivity and specificity. 

We hope that this study will contribute to reducing the 
prevalence of misdiagnosis of FIP based on misunder- 
standing the nature of FCoV antibody tests, attributable, 
in part, to manufacturers erroneously labelling FCoV 
tests as FIP tests. Two companies deserve special mention 
as having responded to an appeal from one of the authors 
(DDA) to re-name their tests: Biogal and BVT re-named 
their tests as FCoV, not FIP, tests (although, unfortunately, 
the Food and Drugs Administration forced Biogal to 
change the name of the FCoV Immunocomb back to FIP 
Immunocomb for sale in the USA). 


Conclusions 

FCoV antibody testing is useful for a variety of rea- 
sons in the veterinary surgery and veterinary diag- 
nostic laboratory. A flexible approach is useful in 
selecting FCoV antibody tests, choosing the test most 
appropriate to the reason for testing, rather than 
adopting one test and sticking to it rigidly. The FCoV 
Immunocomb required the least amount of sample. 
All tests worked on effusions, as well as plasma or 
serum samples, even when not stipulated to do so in 
their instruction sheets. However, a large amount of 
virus in the sample correlated with decreased anti- 
body signal in all tests, but was most marked in the 
RIM tests. Specificity was 100% for most tests. 
Sensitivity was 100% for two IFA tests and the ELISA 
test. The FCoV Immunocomb was the most sensitive 
of the in-house tests, and the Speed F-Corona was the 
most sensitive of the RIMs. 
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